The objective of this study was to evaluate environmental factors that affect infestation of Caracu cattle breed by horn fly (Haematobia irritans) and to estimate genetic parameters for level of infestation. Infestation was evaluated on females from two herds in two consecutive years. Total number of flies on animals (FC) was counted, an infestation score (FS: 1 to 5) was recorded according to the estimated number of flies on animals, and number of parasites in photographs (FF) taken when the animals were evaluated was also counted. On each animal from one to eight observations were taken. A total of 3,836, 2,751 and 3,754 records from 718 animals were obtained for FC, FF and FS, respectively. The incidence of flies was lower during winter and higher during summer, and the thicker the hair coat of the animal the greater the infestation. Heritabilities and repeatabilities were equal to 0.10 and 0.10, 0.08 and 0.12, and 0.06 and 0.08, for FC, FF and FS, respectively. Findings indicate that selection for FC will result in low genetic progress and that animals should be evaluated more than once for selection purposes.
Introduction
Incidence of parasite infestations in the tropics has been the cause of losses in productivity. Today, horn fly (Haematobia irritans, Linnaeus) is considered one of the most important and widely spread parasites in several countries, Brazil included. It was introduced in Brazil about two decades ago and it is already established in almost every state of the country and in most of the South-American countries (Bianchin et al., 1992) . In addition to its bloodfeeding activity, the irritating action and the sores resulting from its continuous bites result in a condition of considerable stress to animals. The main economical losses caused by this fly can be attributed to decrease in weight gain, milk production, and feed efficiency.
The main method used to control this parasite has been the application of chemical products, which increase costs and may leave residues in beef and milk. According to Brown et al. (1992) , continuous applications of insecticides for several years will result in resistance of the parasites to that product and make natural selection of the hosts to the parasites not viable. Barros (2003) indicates that today, in Brazil, resistance of horn fly to pyrethroid insecticides occurs all over the country. Lasley (1987) stated that resistance of cattle to parasites is apparently determined by many pairs of genes, involving additive gene action and causing, therefore, variation among individuals in a population. Considerable differences in number of infesting flies among individuals of the same breed and of different breeds were observed by Steelman et al. (1991) and Brown et al. (1992) .
Although the physiological mechanisms involved in development of resistance to horn fly are not yet clear, it is believed that resistance is a poligenic trait, most of the genes with additive action and little or none dominance, overdominance and epistatic effects (Brown et al., 1992) . Genetic variability in resistance to Haematobia irritans indicates that selection of resistant hosts together with other controlling practices may result in a promising method of control.
Besides the genetic effect, several environmental factors can affect horn fly population dynamics in the herds. Genetics and Molecular Biology, 28, 2, 242-247 (2005) Copyright by the Brazilian Society of Genetics. Printed in Brazil www.sbg.org.br Among these factors, year and season, age, sex and hair color of the animal can be listed. Knowing these factors is important when estimating an animal's genetic potential for parasite resistance, and also as a guide for parasite control.
The objective of this work was to study some environmental factors affecting infestation level of Caracu cattle by horn fly (Haematobia irritans) and to estimate genetic and phenotypic parameters for the trait, for the purpose of establishing selection criteria to increase cattle resistance to this parasite.
Materials and Methods
This study was undertaken with data on Caracu females from two herds owned by the Sertãozinho Experimental Station (Instituto de Zootecnia), located North of the State of São Paulo, and by Caracu do Ipê Farm, at Paranaíba, State of Mato Grosso do Sul, Brazil.
Naturally infested animals were submitted to periodical evaluations of level of infestation by horn fly (Haematobia irritans), from July, 1998 to July, 2000, at least 90 days after a controlling chemical product was applied. In both years, the product used to control the parasite, when infestation was high, was a pyrethroid insecticide (cypermethrin).
The most widely used method to evaluate resistance of cattle to Haematobia irritans has been counting the infesting flies (Steelman et al., 1991; Brown et al., 1992; Baron and Lysyk, 1995) . In this study, three different methods were used. The first (FC) consisted of counting the number of flies present on animal's body surface (dorsal and left ventral regions), while it was held in a chute. These countings were done by the same person throughout the experiment, with a manual counter. The second method (FF) consisted of counting the number of flies in a photograph of the dorsal region of the animal's body, where flies concentrate, using a 0.15 m 2 trapezoidal wire structure to delimit the area. Photographs were taken with a manual camera, while the animals were in the working chute, using professional film (VC -400 ASA), with day light only, at a distance of one meter from the animal's back, at a 90°angle to the animal's body surface. The third method (FS) consisted of recording an infestation score according to the estimated number of flies on the animal: score 1 for ≤ 100 flies per animal; score 2 for > 100 and ≤ 200 flies per animal; score 3 for > 200 and ≤ 300 flies per animal; score 4 for > 300 and ≤ 400 flies per animal; and score 5 for > 400 flies per animal.
Data from the Animal Science Experimental Station at Sertãozinho contained 1,520 records on 245 animals, the offspring of 39 bulls and 166 cows. Data from the Caracu do Ipê Farm contained 2,796 records on 792 animals, the offspring of 58 bulls and 292 cows. Animals were evaluated, on average, six times, with a minimum of one and a maximum of eight records. A total of 3,836, 2,751 and 3,754 records were obtained for FC, FF and FS, respectively. The working file consisted of 4,316 observations. Animals were classified according to hair coat color into one of three classes: 1-bay, 2-orange, and 3-red. Hair coat thickness was measured with a modified rule, introduced softly under the hair coat surface up to the insertion base of the hair, on the skin surface of the shoulder of the animal. Hair coat thickness, determined in 0.5 cm classes, varied from 0.5 to 6.5 cm; however, classes ≥ 3.5 were grouped in one class.
Four seasons of the year were considered: spring, for records taken in September, October and November; summer, for records taken in February and March; fall, for records taken in April and May; and winter, for records taken in July. In addition, year of observation was also codified: year 1, for records taken from September, 1998 to July, 1999; and year 2, for records taken from September, 1999 to July, 2000.
The observed data were transformed to log 10 (n + 1) for countings, and (x) 1/2 for score, where "n" is the number of flies counted on the animal and in the photograph and "x" is the score of infestation of flies (1 to 5).
After transformations, traits were analyzed by the least squares method, using the GLM procedure (SAS, 1996) , to evaluate some sources of variation affecting these traits. The statistical model included fixed effects of herd (H = 1 and 2), color of the animal (C = 1, 2 and 3), H x C, animal within H x C (error a, to test effects H, C and H x C), year (Y = 1 and 2) and season (S = 1, 2, 3, 4; spring, summer, fall and winter, respectively) of recording, hair coat thickness (1 to 3.5) and age of the animal as a covariate (linear and quadratic effects), plus random error.
Variance and covariance components estimates, to obtain genetic parameters (heritability and genetic correlations), repeatability and phenotypic correlations, were obtained by the derivative free restricted maximum likelihood method (DFREML), using the MTDFREML program (Boldman et al., 1993) . The statistical model included, besides the additive direct and permanent environmental random effects, fixed effects of contemporary group (GC; herd-year-season), hair coat thickness and age of the animal as a covariate (linear and quadratic effects). The statistical model, in matrix notation, was:
where: y = vector of observations; X = incidence matrix for fixed effects; b = vector of fixed effects (GC, hair coat thickness and age); Z = incidence matrix for additive direct effect of the animal; a = vector of additive direct effects; P = incidence matrix for permanent environmental and non-additive genetic effects; p = vector of permanent environmental effect due to the animal (non-additive genetic effects due to the animal); and e = vector of residual random effects, associated to observations. Assumptions adopted for the model were: E(y) = Xb; E(a) = 0; E(p) = 0; E(e) = 0; var(a) = Aσ For each trait, a one-trait analysis using the above model was undertaken. Two-trait analyses were also undertaken to estimate correlations between FC and FF and between FC and FS.
Results and Discussion
Means, minimum and maximum values, standard deviations and coefficient of variation of the traits studied are presented in Table 1 .
Due to differences among regions and seasons of evaluation, and sex, breed and age effects, and to possible control strategy differences, it can be seen that the number of infesting flies in this study is higher than those observed by Bianchin et al. (1992) , in Nellore breed in Brazil, and Brown et al. (1992) , in Chianina breed in the United States. However, the mean number of infesting flies observed in this study is lower than values reported by Brown et al. (1992) in animals of Angus, Charolais, Hereford, Polled Hereford and Red Polled breeds in the United States.
The mean number of flies in photographs (FF) was lower than the mean number counted on the animals (FC), as expected, since the photograph represents just a small part of the dorsal region of the animal, while FC represents the whole body.
The summary of the analyses of variance of the traits studied is presented in Table 2 . Herd x color interaction (p < 0.01) and color effect (p < 0.05) were significant only for FF. Interaction was significant because there was no difference between colors 2 and 3 in the Animal Science Experimental Station at Sertãozinho, and in Caracu do Ipê Farm there was no difference between colors 1 and 2. In the first herd, number of flies (FC) was greater for color 1 (bay) animals than for animals of color 2 (orange) or 3 (red). In the other herd, color 1 and 2 animals presented higher number of flies than color 3 ones (Figure 1) .
Effect of herd was significant (p < 0.01; Table 2 ) for all traits studied. Number of flies was higher in the Animal Science Experimental Station at Sertãozinho (1.99 ± 0.06 vs. 1.61 ± 0.05 for FC, 1.76 ± 0.10 vs. 0.88 ± 0.11 for FF, and 1.36 ± 0.04 vs. 1.08 ± 0.03 for FS) than in the Caracu do Ipê Farm. Despite the herd x color interaction for FF, animals from the Animal Science Experimental Station at Sertãozinho showed higher number of flies in photographs than animals from the Caracu do Ipê Farm, regardless of color of the animals (Figure 1) .
Effect of year of observation was significant only for FF (p < 0.05; Table 2 ). In this case, the number of flies was greater for year 2 than for year 1 (1.64 ± 0.15 vs. 1.00 ± 0.16).
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Genetics of horn fly infestation in cattle Season of the year affected significantly (p < 0.01) all traits studied (Table 2) . Estimated means are presented in Table 3 . Number of flies counted on the body of the animals (FC) showed a peak in spring and in summer, and fell in winter. Similarly, scores (FS) attributed in spring and in fall were similar in magnitude to each other and were within the range of those attributed in summer, which were the highest ones, and those attributed in winter, which were the lowest ones. Lima et al. (2003) observed, in Nellore cattle in Araçatuba, State of São Paulo, higher infestations of horn fly during the spring and fall. These results suggest that the infesting population of horn flies grows during the seasons favorable to its free life phase, that is, when temperature, relative humidity of the air and precipitation parameters are adequate to its development, as reported by Winslow (1992) .
This assumption, however, is not valid when number of flies is evaluated by FF. In this case, infestation was lower in spring, higher in fall, and medium in summer and in winter (Table 3 ). This fact suggests that the photograph method, at least the way it was conducted in this study, did not present results compatible with the other methods used. These discrepancies can be attributed to several hypotheses. During the experiment, there was no uniformity of the moment the pictures were taken, as far as light intensity (sun, rain or cloudy weather) is concerned, an important condition for the quality of the pictures. In addition, in regard to the region of the animal's body preferred by the insect, it was observed that flies show a distinct behavior in each situation. In a rainy weather, for example, they prefer the lower regions, like legs and ventral region, away from photographs target. This behavior was also observed by Lima et al. (2002a) . However, it is believed that a group of factors contributed to these results, which do not turn the method unviable, but indicate the need for improvement.
According to analyses of variance, hair coat thickness affected significantly FC (p < 0.05) and FS (p < 0.01) (Table 2). In general, there was a tendency for increasing FC and FS with increasing hair coat thickness (Table 4) , suggesting that animals with short hair coat thickness are those best adapted and, consequently, the least infested ones.
Age of animals varied from 207 days to 6,038 days, with mean of 1,866.62 days and standard variation of 1,179.15 days. The quadratic effect of age of the animal was significant for FC (p < 0.01) and FF (p < 0.05), and the linear effect was significant (p < 0.01) for FF. Regression equations were y = 1.4364 -0.000179 (Age) + 0.000000074 (Age) 2 and y = 3.7612 -0.002198 (Age) + 0.000000060 (Age) 2 for FC and FF, respectively. Number of flies (FC) was minimum for 1,195 day (3.27 years) old animals. Number of flies on photographs tended to fall to zero on animals between four and five years of age.
Variance components, heritability and repeatability estimates, obtained by the one-trait analyses, are presented in Table 5 . All three traits showed low and similar heritability estimates (0.10, 0.08 and 0.06 for FC, FF and FS, respectively). Brown et al. (1992) obtained values of 0.78 and 0.59 for animals of Angus, Charolais, Chianina, Hereford, Polled Hereford and Red Poll breeds, using the least squares method and paternal half-sib intraclass correlation and within sire daughter-dam regression, respectively.
These results show that it is difficult to increase animals' resistance to horn fly by mass selection, and that, in terms of heritability, the methods of photographs (FF) and scores (FS) were not superior to counting of flies on the animal (FC). These traits present, however, high phenotypic variations, so that it is possible to obtain higher selection differentials and some response to selection. Variance component of permanent environmental (non-additive genetic effect) effect was close to zero for all traits studied (Table 5) . Repeatability values obtained for these traits (0.08 to 0.12) are lower than the value of 0.47 obtained by Brown et al. (1992) using the least squares method.
Heritability, repeatability, and genetic, permanent environmental (non-additive genetic), residual and phenotypic correlations for traits studied, obtained by the two-trait analyses, are presented in Table 6 . Estimates of heritability and repeatability are the same and similar to those obtained by the one-trait analyses.
Estimates of genetic correlations of FC with FF and FC with FS are high ( Table 6 ), suggesting that most of the genes with additive action that affect one trait also affect the other, and that selection for one of the traits should result in correlated response in the other. These high correlations can be seen by the relationship between the estimated breeding values of the animals for these traits, shown in Figures 2 and 3 , respectively.
Considering heritability and genetic correlation estimates obtained in this study and the same selection intensity for the two traits, selection for FF is 90% as effective as selection for FC to promote changes in FC. On the other hand, selection for FS will be only 63% as effective as the direct selection for FC. So, it seems that the photograph method can replace direct counting of flies on the animal, due to its quickness and precision in fieldwork. However, the method needs to be improved. In a study comparing estimative counting and counting using a film camera method, Lima et al. (2002b) reported superiority of the camera method of counting horn fly due to its precision, ease and low cost. The authors indicated this method in cases where more precise results are needed.
Permanent environmental correlations, or nonadditive genetic correlation due to the animal, were close or equal to one for all estimates obtained (Table 6 ). This indicates that non-additive genetic factors of the animal, that is, those related to non-temporary environment and to allele and gene combinations that affect one trait also affect the other. Environmental (non-permanent or temporary) correlations were of medium magnitude (Table 6) .
Relationships among phenotypic, additive genetic, permanent environmental (non-additive genetic due to the animal) and environmental (residual or non-permanent or temporary environmental) correlations can be expressed by the following equation:
ρ P12 = h 1 . ρ a12 . h 2 + c 1 . ρ pe12 . c 2 + e 1 . ρ e12 . e 2 where h i = square root of the heritability of trait i; c i = square root of the permanent environmental to total phenotypic variance component ratio; e i = square root of the residual or non-permanent or temporary environmental to total phenotypic variance component ratio; and ρ P12 , ρ a12 , ρ pe12 e ρ e12 = phenotypic, additive genetic, permanent environmental and residual correlations, respectively. Regarding this relationship among correlations, the contribution of the additive genetic, the non-additive genetic due to the animal (non-additive genetic and permanent environmental) and environmental (residual or temporary) components to phenotypic correlation between FC and FF were 18.27%, 0.60%, and 81.13%, respectively. For correlation between FC and FS, they were, in the same order, 9.95%, 0.19%, and 89.86%, respectively. Then, despite the fact that permanent environmental correlations are close to one (Table  6) , permanent environmental components contributed just a little to phenotypic correlations of the traits. Environmen-
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Genetics of horn fly infestation in cattle tal components contributed with most of phenotypic correlation of the traits. For correlation between FC and FF, additive genetic component contribution was important, despite the fact that it was not the highest.
Conclusions
Incidence of horn flies in Caracu cattle in the regions studied is lower in winter and higher in spring, summer and fall.
Hair coat thickness is an important factor determining infestation of Caracu cattle by horn flies, and infestation is greater the thicker the hair coat is.
There is low additive genetic variation for level of infestation of cattle by horn flies, justifying its inclusion in a selection program only if selection intensity is high.
Counting of horn flies in cattle with photographs can replace direct counting of flies on animal's body.
